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PHOTODEFINABLE INTERLEVEL DIELECTRICS 
The U. S. Government has rights in this invention under 
U.S. Air Force Contract F33615-89-C-5603 

5 PRIOR ART 

This invention relates to materials used to 
provide isolation of conductive layers in 
microelectronic circuitry. In particular, it relates 
to polymeric materials which can be photopolymerized so 
10 that dielectric layers can be formed where desired in 
multilayer structures. Such layers must be excellent 
insulators, have good chemical resistance and, of 
course, oust adhere to the substrate on which they are 
placed. 

15 Polyimides have been used for such 

dielectrics since they have superior temperature and 
chemical resistance compared to many other polymers. 
Literature and patents disclosing of the use of 
polyisides are extensively discussed in U. S. Patent 

20 4,908. C9t by one of the present inventors. The 
disadvantages of the polyimides are discussed, namely, 
that they release large amounts of volatiles during 
curing, absorb moisture, have poor adhesion, and have 
a relatively high coefficient of expansion. The patent 

25 disci o»»« and claims the use of other polymers as 
inter level dielectrics having improved properties, 
namely. v:nyl benzyl or alkyl ethers of the 
condensation products of dialdehydes and phenols. 

The present invention relates to other 

30 polymers which have been found to provide useful 
inter level dielectrics. 

In U. S. 4,824,920 one of the present 
inventors has disclosed thermosetting resins which are 
vinylbenzyl ethers of the reaction product of a 

35 dicyclopentadiene with a phenol and which have 
application to making laminated boards for electronic 
applications. In U.S. Pat. No. 4,816,498 another 
family of oligomeric condensation products was 
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disclos d which differ from those just discussed in 
being the condensation products of dialdehydes with 3 
to 4 moles of phenols. Such oligomers also are 
etherified to provide a mixture of vinylbenzyl and 
5 alkyl ethers. They may be used to make laminated 
boards for electronic applications. Such resins have 
been found to be useful as precursors for polymers for 
interlevel dielectrics, as will be seen in the 
discussion below. 

10 

SUMMARY OF THE INVENTION 

This invention comprises a method of forming 
a predetermined pattern from a polymer on a substrate 
and the thus-created dielectric layers which may be 
15 used in an electronic interconnect structure. 

Such patterns are created by coating onto the 
substrate a prepolymer and then irradiating the exposed 
portions of a masking pattern to render the prepolymer 
insoluble, then selectively dissolving the non- 
20 irradiated masked portions of the coating leaving the 
insoluble irradiated prepolymer, and curing the 
irradiated prepolymer to form an infusible glassy solid 
in the predetermined pattern. 

The prepolymer is either the first of two 
25 oligomers described below or is a mixture of both of 
the oligomers. One is a vinylbenzyl ether of the 
reaction product of a dicyclopentadiene with a phenol, 
the reaction product having the formula 
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where P = 




R, R 4 



10 



15 



Q = 




20 



25 



30 



with Ri, R 2 - H or alkyl of 1-10 carbon atoms? 
r 3 = methyl? 
R* = H; 

A = H, -CH 2 VSS t an allcyl moiety containing 1 
vpC ch-CH. 



to 10 carbon atoms'! 5 a cycloalkyl moiety having 5 to 10 
carbon atoms, or benzyl, subject to the constraint that 
at least 50% of all A's are the vinyl benzyl moiety; 

L » Br or CI; 

a - 0 f 1, or 2; 

b «= 0 or l; 

m, n, s, and t are 0 or an integer, and m+n+s+t=z 
is an integer from 1-10; and 

r, - H, an alkyl moiety of 1-10 carbon atoms, a 
halogen or alkoxy moiety, or a monovalent aromatic 
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radical. In a preferred embodiment, 70% of A's are 
vinyl benzyl and th remaining A's are propyl. 

The second oligomer is an ether of the oligomeric 
condensation product of (a) 1 molar proportion of a 
5 dialdehyde and (b) from about 3 to about 4 molar 
proportions of a phenol; where the dialdehyde is 
selected from the group consisting of OHC(CH 2 ) n CHO, 
where n = 0 or an integer from 1 to 6, 
cyclopentanedialdehyde, phthal aldehyde , 

10 isophthal aldehyde, t e r eph t h a 1 a 1 d ehy d e , 
hexahydrophthalaldehyde , cycloheptanedialdehyde , 
hexahydroisophthalaldehyde , 
hexahydroterephthalaldehyde , and cyclooctanedialdehyde ; 
where the phenol has the structure R^^OH and where Ri 

15 is hydrogen or an alkyl group containing from l to 
about 10 carbon atoms; and where the phenol residue of 
said oligomeric condensation product is etherif ied with 
one or more substituents to afford ether moieties 
randomly selected from the group consisting of 

20 vinylbenzyl, alkyl moieties containing from 1 to 10 
carbon atoms, cycloalkyl moieties from 5 to 10 carbon 
atoms, and benzyl, with the ratio of vinylbenzyl to 
other moieties being from 1:1 to about 6:1. 

25 rtPfiCRTPTIOW OF THE PREFERRED EMBODIMENTS 

polymeric Resins 

In U.S. Patent No. 4,824,920, one of the 
present inventors disclosed the preparation and use of 
ethers of the reaction product of a dicyclopentadiene 

30 with a phenol and their use in composites, especially 
laminated boards for electronic uses. It has now found 
that these compositions can be used as interlevel 
dielectrics, in combination with the oligomers of U.S. 
Pat. No. 4,816,498 where they have the advantages of 

35 low water absorption, low dielectric constant, low 
coefficient of thermal expansion, high glass transition 
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5 

temperatur , high thermal stability, high solids 
coating concentrations, photochemical curability, 
thermal curability, and little or no volatiles 
generated during the cure process. 
5 The prepolymers used in forming a pattern 

have the formula 



A 




SUBSTITUTE SHEET 



WO 92/11580 



PCI7US9I/09392 



with Ri, R 2 = H or alk yl of 1-10 carbon atoms; 
R 3 « methyl; 
R< = H; 

A = H, -CH 2 */F^ , an alJ^yl moiety containing 1 
5 M^CH«CH 2 

to 10 carbon atoms, a cycloalkyl moiety having 5 to 10 
carbon atoms, or benzyl, subject to the constraint that 
at least 50% of all A's are the vinyl benzyl moiety; 
10 L = Br or CI; 

a = 0, 1, or 2; 
b = 0 or 1; 

m, n, s, and t are 0 or an integer, and m+n+s+t=z 
is an integer from 1-10; and 
15 R5 = H, an alkyl moiety of 1-10 carbon atoms, a 

halogen or alkoxy moiety, or a monovalent aromatic 
radical . 

The dicyclopentadiene portion can be 
substituted in either ring. R1 and R 2 usually are 

20 hydrogen, that is, an unsubstituted dicyclopentadiene 
is preferred in the practice of this invention but each 
of R1 and R 2 can be an alkyl group, preferably a primary 
alkyl group, containing up to about 10 carbon atoms. 
The lower alkyl groups, such as methyl, ethyl, propyl, 

25 and butyl, are especially preferred where the 
dicyclopentadiene is substituted. Substitution can be 
at any position of the dicyclopentadiene ring system 
but it is preferred that R^ be at a carbon of the 5- 
xnember ring not bonded to the aryl group , and that R 2 is 

30 at the bridge or bridgehead carbon of the bicyclic ring 
portion. 

The phenolic termini of our resins as well as 
the phenolic portion of P or Q may be substituted by a 
methyl group or a halogen atom. For the condensation 
35 with dicyclopentadiene mixtures of such phenols also 
may b used. The methyl group is at a position meta 
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or para to the position bearing the oxygen atom. A 
para-substituted phenol is pref rred in th practice of 
this invention because such a mixture tends to afford 
an amorphous resin, vhich is a beneficial feature, and 
5 is susceptible to photochemical curing. 

The basic resins also can be readily modified 
to be flame retardant by incorporating halogen atoms 
into the aromatic rings. Thus, L may be a halogen 
atom, especially bromine, and vhere the aromatic ring 

10 is halogenated a is 0, 1 or 2 and b is 0 or 1. 
Polyhalogenated materials are desired as flame 
retardants, which means that a and b are recommended to 
be maximized. Where the aromatic rings are not halogen 
substituted then both a and b are 0. 

15 The fragments P and Q are subunits of the 

adduct. Where the adduct is an oligomer it may be a 
head-to-head, head-to-tail, or completely or partially 
random arrangement. Where oligomers are formed they 
are of relatively low molecular weight. The variables 

20 m, n, s, and t each are integers such that z, where z 
equals m + n + S + t, is an integer from 1 to 10, and 
usually is up to about 5, with z being 3 or 4 preferred 
in the practice of our invention. 

The phenolic hydroxyls in the adduct are 

25 capped so as to be converted to ethers. At least 80% 
of the phenolic groups are so capped, and it is 
desirable that at least 90%, and even more desirable 
that at least 95%, of the phenolic groups be capped. 
Stated differently, in the formula above less than 

30 about 20% of the A moieties are hydrogen, and desirably 
less than 10%, even more desirably less than 5%, are 
hydrogen. 

The best case results where the ether 
portion, A, is a vinylbenzyl moiety, that is, of the 
35 structure 
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where the vinyl group is either meta or para to the CH 2l 
where R5 is hydrogen, and which usually is a mixture of 
the meta- and para-isomers . R5 is a chemically inert 
substituent selected from the group consisting of 
5 hydrogen, alkyl moieties containing from 1 to about 10 
carbon atoms, the halogens, alkoxy moieties containing 
from 1 to about 10 carbon atoms, and monovalent 
radicals whose parent is an aromatic hydrocarbon. 

However desirable it may be to have all the 
10 phenolic hydroxyls end-capped with vinylbenzyl 
moieties, there is a decided cost advantage when fewer 
than all of the other groups are vinylbenzyl usually at 
the expense of a somewhat lower dielectric constant. 
In our invention it is required that at least 50% of 
15 the A moieties different from hydrogen be a vinylbenzyl 
moiety, but a product with better performance 
characteristics results when from 70 to 100% of the 
ether groups are vinylbenzyl, and the best product 
results when 95 to 100% of such groups are vinylbenzyl. 
20 In many applications less than complete end-capping 
with vinyl benzyl groups is acceptable, but all of the 
hydroxyl groups should be capped. 

In those cases where less than all of the 
ether groups are vinylbenzyl, then we are partial to 
25 resins where A is an alkyl group containing from 1 to 
10 carbons, a cycloalkyl group having 5 to 10 carbons, 
or a benzyl group. . Where A is an alkyl group, the 
primary alkyl groups are given priority, especially the 
primary lower alkyl groups containing from 1 to 4 
30 carbon atoms. Thus, the most desirable alkyl groups 
consist of methyl, ethyl, 1-propyl, 1-butyl, and 2- 
methyl-l-propyl. Other alkyl groups are represented by 

1- pentyl, 1-hexyl, 1-heptyl, 1-octyl, 1-nonyl, 1-decyl, 

2- methyl-l-butyl, 3 -methyl -1-butyl, 2, 3-dimethyl-l- 
35 butyl, 3, 3 -dimethyl -1-butyl, 2-methyl-l-pentyl, and so 

forth. However, it is to be emphasized that a benzyl 
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group also operates quite satisfactorily in the 
practice of our invention. The most common cycloalkyl 
groups used in our invention are 5- and 6-membered 
cycloalkanes , unsubstituted or alkyl substituted so as 
5 to contain 5 to 10 carbon atoms. Examples are 
cyclopentyl, cyclohexyl, methylcyclopenty 1 , 
dimethylcyclopentyl, ethylcyclopentyl, 
propyl cycl opentyl , butylcyclopentyl, pentyl cyclopentyl , 
ethylmethylcyclopentyl , methylpropylcyclopentyl , 

10 butylmethylcyclopentyl , methylcyclohexyl , 
dimethylcyclohexyl , ethylcyclohexyl , propylcyclohexyl , 
butyl cyclohexyl, and so forth. The l-propyl group is 
an especially desirable alternative to the vinylbenzyl 
moiety, and resins where less than 5% of the A groups 

15 are hydrogen with the remainder being vinylbenzyl or 1- 
propyl in a ratio from 1.1:1 to about 6:1 are highly 
recommended. In a preferred embodiment, A is at least 
70% vinyl benzyl and the remaining A's are propyls. 

The use of a mixture tends to promote 

20 formation of an amorphous resin which is desirable both 
in increasing the solubility of the resin in a 
solution, in promoting good film- forming qualities, and 
in providing a stable, non-flaking coating. A 
desirable mixture of resins is one which consists of 

25 from about 5 to about 20% by weight of a resin where z 
= 1, about 10 to about 30% with z = 2, about 5 to about 
30% with z = 3, about 5 to about 30% with z = 4, and 
about 5 to about 30% with z = 5-10. 

The appended vinyl groups are readily 

30 crosslinked in a curing step effected by thermal, 
chemical, or radiative means. Thermal curing is 
generally done in the temperature range between about 
100 and about 300*C, and in practice at a temperature 
between about 150 and about 200 *C for 0.5-5 hours with 

35 post curing at about 180-300 *C for about 0.5 -24 hours. 
Curing also may be brought about using a free radical 
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• -* ia tor such as azo-bis-isobutylronitrile, benzoyl 

di-t-butyl peroxide, etc. Curing may t- 
peroxide, di ^ DUty " 1 * m „j,n v bv visible 

t , ae hpU as irradiation, especially by visx 
effected as well as i«« suitable 

an d ultravioXet ^J^£T^~ • 

^r be'co^^ensivexy crossXinKed and sets to an 

infusibie, insoXuble glassy ed 
The resins of this invention may be prep 

T Z para-isomers of vinylbenzyX chloride are 
meta- and para iso les ser extent, the 

15 used, although the ^ nay be 

iodide also -nay be used 

conveniently P"£~^ ^ ntaining ace tone, N- 
hydroxide soXution. ° ften co soXvent, at 

methyXpyrrolidone, or some other organi ^ 

. Where some of A are eu-^j 

reacting a suitable alKyi, cy by 
with a partially vinylbenzyl end-capped adduct, or y 
reacting the uncapped adduct with a mixture of halves 
The second type of oligomers are ether of 

" oligomer* condensation products -J^^^ 
of certain diaXdehydes with from ^° ut * \° the 
molar proportions of a phenol. More particuiarly. t 
.oXarprop se Xected fro. among the 

ether moiety i ran 7 containi ng from 1 to 

30 vinyibenzyX moiety, aXKyi mo havino from 5 to 

10 carbon atoms, cycXoaXKyX moieties having fr 
about 10 carbon atoms, and the benzyX moiety, where the 
abou-c xu <- rt 4- h - r ether moieties is at 

ratio of the vinylbenzyl to other ether m 

i-i and may be as great as 6:1. 
leas t l.X an J ougoners _ ^ condensation 

" products of 1 moxar proportions of seXected diaXdehydes 
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with 3 to 4 molar proportions of a phenol. Although 
more than 4 molar proportions of a phenol can be used 
in the practice of this invention, no more than 4 molar 
proportions will react with the dialdehydes . 
5 One class of dialdehydes which may be used in 

this invention are the linear, terminal alkylene 
dialdehydes of formula OHC(CH 2 ) r CHO where r is 0 or an 
integer from 1 to 6. Such dialdehydes include glyoxal, 
malondialdehyde, succinidialdehyde, glutaraldehyde , 
10 adiphaldehyde, pimelaldehyde, and sebacaldehyde. Those 
aldehydes where n is 0-4 are particularly preferred, 
and glyoxal (n=0) is especially favored in the practice 
of this invention. 

Other aldehydes which may be employed in 
15 preparation of the oligomeric condensation products 
include cyclopentanedialdehyde , phthalaldehyde , 
isophthaldehyde , terephthalaldehyde , the 
hexahydrophthalaldehydes (i.e., the reduced counterpart 
of the phthalaldehydes where the aromatic ring has been 
20 reduced to a cyclohexane ring) , cycloheptanedialdehyde, 
and cyclooctanedialdehyde. 

The oligomers are the condensation product of 
1 molar proportion of the aforementioned dialdehydes 
with from 3 to about 4 molar proportions of a phenol. 
25 The phenol has the general structure R^C^OH where is 
hydrogen or an alkyl group containing from 1 through 
about 8 carbon atoms. The most desirable phenol is 
phenol itself, that is, the case where R$ is hydrogen. 
Where K* is an alkyl group it is most desirable that the 
30 alkyl group contain from 1 to about 4 carbon atoms, and 
cresol, the case where R$ is a methyl group is another 
preferred species of phenol. 

The condensation product is analogous to 
phenol-formaldehyde resins. That is, the products 
35 result from the condensation of 2 molar proportions of 
a phenol with each aldehyde group. In the simplest 
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case, which can be looked as the "monomer ic" product, 
using phenol and glyoxal to exemplify the reaction, the 
product has the structure 



5 



10 




where the hydroxyls are almost exclusively ortho and 
para, and largely para, to the point of condensation of 
the phenol and glyoxal. However, the product above has 
15 4 phenolic groups per molecule, and any one of these 
may react with another molecule of glyoxal which then 
further condenses with three other molecules of phenol 
to give the structure 



25 



30 
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Th oligomeric product above results from a molar 
proportion of 7 phenols to 2 glyoxals. This oligomer 
in turn can react with another molecule of glyoxal and 
the latter can react further with 3 additional phenols 
5 to give the next higher oligomer of the structure 



10 



15 




which has the molar ratio of 10 phenolic groups to 3 
20 glyoxal ». In a similar fashion, the next higher 
oligce«r has a molar ratio of phenol to glyoxal of 
13:4, th» n«xt higher of 16:5, and so forth, with the 
limiting xclar ratio being 3:1. It needs to be 
mentioned that a ratio less than 3:1 will never be 
25 achi»v*d without internal cycli2ation, i.e., one 
molecul* cf glyoxal is required to react with at least 
2 ph«nolic aoieties of the oligomer. In a similar 
fashion, the condensation product which is the 
"Bonoatr" has a limiting ratio of phenol-glyoxal of 
30 4:1. 

The condensation products are themselves 
phenols, as mentioned above, and are a mixture of 
oligomers. This mixture can be characterized by the 
number of phenolic moieties per molecule. We are 
35 concerned with those condensation products which have 
from 4 to about 60 phenolic moieties per molecule, and 
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more usually between four and about 22 phenolic 
moieties per molecule. The product being a mixture of 
oligomers, the preferred mixture is characterized by 
having as an average between about 5 and about 8 
5 phenolic moieties per molecule. 

More specifically, where the dialdehyde is 
glyoxal and the phenol is phenol itself each oligomeric 
product has a molecular weight between about 400 and 
6000, and more desirably between about 400 and about 
10 2200. The mixture of oligomeric products may be 
characterized by an average molecular weight of between 
about 500 and about 800. 

The inter level dielectric resins of this 
invention are ethers of the aforedescribed oligomeric 
15 condensation products. In one variant of our invention 
the phenolic condensation products are halogenated 
prior to ether formation in order to make the final 
resins more flame retardant. Increased flame 
retardancy occurs especially when the halogen is 
20 chlorine or bromine, and the use of a brominated 
product is preferred. The halogen is introduced into 
positions ortho and para to the phenolic hydroxyl 
group. If all of the ortho and para positions are 
available a maximum of three halogen atoms per phenolic 
25 moiety may be introduced. Often it is desirable to 
prepare the maximally halogenated oligomeric 
condensation product, although at times a halogen 
content less than the maximum is advantageous. 
However, in the latter variant it should be clear that 
30 there is at least one chlorine or bromine atom per 
phenolic moiety. The phenolic condensation products 
are capped so as to convert substantially all (greater 
than about 99.5%) of the hydroxyls to ether moieties. 
Each of the ether moieties is randomly selected from 
35 the group consisting of vinylbenzyl, alkyl containing 
1 to 10 carbon atoms, cycloalkyl of from 5 to 10 carbon 
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atoms, and benzyl moi ti s as described above with 
respect to the first type of oligomer where the ratio 
of the vinylbenzyl to all other ether moieties is at 
least 1:1 and may be as high as 6:1. 
5 The prepolymers may be prepared by acid 

catalyzed condensation of phenols with dialdehydes 
followed by end-capping substantially all the phenolic 
hydroxyls by converting them to ethers. Acid 
catalyzed condensation is preferred to avoid the 

10 formation of terminal hydroxyl methylene groups, -CH 2 OH. 
End-capping by ether formation can be effected by any 
suitable means, such as by reacting the phenolic 
condensation product with an alkyl or benzyl halide in 
a basic medium. 

15 The resulting interlevel dielectric oligomers 

may be polymerized with attendant crosslinking by a 
variety of curing means. When curing is effected by 
thermal means, it generally is autoinitiated by heating 
the oligomer resin in air at a temperature between 

20 about 100 and 300*C, and more particularly between 
about 120 and 200 *c. Curing also may be brought about 
by chemical means using a free radical initiator such 
as azo-bis-isobutyronitrile , benzoyl peroxide, di-t- 
butyl peroxide, etc. In the present invention curing 

25 is begun by irradiation, especially by visible and 
ultraviolet light in the presence or absence of a 
suitable photoinitiator or sensitizer, followed by 
thermal curing to produce an infusible, insoluble 
glassy solid. 

30 

Photodef inable Applications 

The oligomers may be used as a passivant, as 
an interlevel dielectric, as a means of providing 
device deep dielectric isolation (insulator isolating 
35 tr nches) , as a high temperature solder mask, a 
photoresist, etc. Although much of what follows 
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describes its use primarily as an interlevel 
dielectric, the skilled worker will recognize from this 
description how to use the materials of this invention 
in other applications as well. 
5 The oligomers are applied as a coating to a 

suitable substrate. For the most part the substrates 
used will be a silicon wafer, a silicon chip of an 
integrated circuit, a printed circuit board or a 
ceramic substrate. The photosensitive oligomers may be 
10 applied by spin coating, spray coating, by use of a 
doctor knife, or any other conventional techniques 
known in the art to obtain a uniform coating. Where 
the viscosity is too high, a solution of the resin in 
a suitable solvent may be used. The oligomers are 
15 soluble in a broad class of solvents including polar 
aprotic solvents, aromatic hydrocarbons, halogenated 
hydrocarbons, ketones, ester, and so forth. Examples 
of solvent which may be employed in the practice of our 
invention include dimethyl formamide (DMF) , 
20 hexaaethylphosphoramide (HMPA) , N-methylacetamide 
(NMAc). diaethylsulf oxide (DMSO) , N-methylpyrrolidone 
(NMP) , benzene, toluene, xylene, dichloromethane, 
chloroform, carbon tetrachloride, chlorobenzene, 
tetrachioroethane, tetrachl oroethylene, 
25 trichlo roe thane, gamma-butyrolactone , methyl ethyl 
ketone, diethyl ketone, hexanone, heptanone, octanone, 
methyl acetate, ethyl acetate, methoxy ethanol, ethoxy 
ethanol , and so forth. The solvent should be 
unreactlve with both the substrate and the 
30 photosensitive oligomers and able to dissolve the 
resins to provide at least about a 10 weight-volume 
percent solution. Since the solvent is typically 
removed prior to further processing, it is also 
preferable that as low boiling a solvent as possible be 
35 used consistent with the foregoing considerations. 
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Although the oligomers may be 
photopolymerized directly, a photosensitizer or 
photoinitiator may be used and may be useful to 
decrease irradiation time. Where a photosensitizer or 
5 photoinitiator is used it will be added with the 
oligomers at the coating stage and will be present in 
an amount from about 0.001 to about 5.0 weight percent 
relative to the oligomerics. Examples of 

photosensitizers or photoinitiators which may be 

10 successively used in the practice of this invention 
include such materials as benzophenone, 4,4'- 
bis(dimethylamino) benzophenone, xanthone, acetophenone , 
4-trif luoromethyl-acetophenone , triphenylene , 
thioxanthone , anthraguinone, 4-phenylbenzophenone, 

15 naphthalene, 2-acetonaphthalene, 1-acetonaphthalene, 
chrysene, anthracene, 9, 10-dichloroanthracene, pyrene, 
triphenylene, 1-f luoronaphthalene , 1-chloronaphthalene , 
1-bromonaphthalene , l-iodonaphthalene , 1,3- 
dicyanobenzene , dimethyl isophthalate, diethyl 

20 isophthalate, methyl 3-cyano-benzoate, ethyl 3-cyano- 
benzoate, phenyl 3-cyano-benzoate, 2,2- 
dimethoxyacetophenone , 2,2 -diethoxyace tophenone , 2,2'- 
dimethoxy-2 -phenyl acetophenone, 2,2 ' -diethoxy-2- 
phenylacetophenone , benzoin methyl ether, and 1-phenyl- 

25 1, 2-propanedione-2-0-benzoyloxime. Preferred 
sensitizers include benzophenone, 4,4'- 
bis (dimethylamino) benzophenone, 1 , 3-dicyanobenzene , 
dimethyl isophthalate, diethyl isophahalate, methyl 3- 
cyano-benzoate , and phenyl 3-cyano-benzoate. 

30 Where the photosensitive oligomers have been 

applied as a solution to the substrate the solvent used 
must be removed prior to irradiation. Consequently, it 
is conventional to heat the coated substrate for a time 
sufficient to remove essentially all of the solvent 

35 present, if any, prior to irradiation, a stage known as 
the "softbake." It is for this reason that the use of 
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a low boiling solvent is preferred. It is acceptable 
to use enough heat to provide a semicured coating, 
especially since the oligomers may begin to cure at 
temperatures as low as about 110 *C. The softbake can 
5 be carried out in vacuum, under an inert atmosphere 
(e.g., nitrogen, helium, argon, etc.) or in air. 

A mask containing the desired pattern or 
image is placed on or adjacent to the coated substrate 
and the oligomer ic coating is then irradiated through 
10 the mask by x-ray, electron beam, ion beam, 
ultraviolet, or visible radiation. For reasons of 
economy and ease of fabrication it is preferred to use 
radiation in the range from about 200 to about 800 
nanometers. Since lower wave length radiation tends to 
15 afford better resolution, irradiation in the 200-500 nm 
range is preferred. With this treatment the irradiated 
portion of the coating becomes cross linked so that the 
photocrossl inked oligomer is rather insoluble in the 
same solvent in which the original photosensitive 
20 oligomers remain quite soluble. 

Irradiation may be done in either the 
presence or absence of oxygen. Exposure time necessary 
for adequate photocrossl inking to afford the 
differential solubility characteristic sought depends 
25 upon the wavelength of the light used, its intensity, 
the presence or absence of a photosensitizer or 
photoinitiator, and so forth, with a variation from a 
few seconds up through several minutes. For production 
purposes the shorter exposure times are highly 
30 preferred. One desirable characteristic of the 
photosensitive oligomers of this invention is that they 
photochemically crosslink throughout the thickness of 
the film, and therefore the pattern shows minimal 
undercutting upon development. 
35 The selective pattern appears upon 

development with the solvent. As mentioned above, upon 
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irradiation the photosensitive oligomeric resin becomes 
extensively crossl inked with a subsequent large 
differential solubility between the crosslinked, or 
irradiated, and non-cross linked, or non-irradiated, 
5 portions of the oligomers. The solvents used in the 
development are in general the same ones used in 
preparing a solution of the oligomers for coating 
purposes. Thus, classes of solvents include aprotic 
solvents, aromatic hydrocarbons, halogenated 

10 hydrocarbons, ketones, esters, the Carbitols, and 
mixtures thereof. 

Upon development selective patterns appear 
where the elevated portions correspond to the 
photochemically crosslinked oligomers. These relief 

15 structures are then thermally cured to afford a highly 
crosslinked, infusible, glassy solid highly resistant 
to elevated temperatures, chemical degradation, ion 
transport, and which serves as an effective protective 
layer and dielectric insulator. Curing is attended by 

20 crossl inking of the vinyl groups and may be effected 
either thermally, chemically, or photochemically, with 
thermal curing preferred. Thermal curing is generally 
done in the temperature range between about 100 *C and 
about 300*C, and often is done in stages. So, for 

25 example, curing may first be effected at a temperature 
between about 150*C and about 200*C for 0.5-5 hours 
with postcuring at about 180'C-300*C for about 0.5-24 
hours. Curing also may be brought about using a free 
radical initiator, such as azo-bis-isobutyronitrile , 

30 benzoyl peroxide, di-t-butyl peroxide, and so on. 

The oligomers of the invention have been 
found particularly useful in photodef inable 
applications since they may be coated as solutions with 
high solids levels and thus less solvent must be 

35 evaporated. Also, since no volatile by-products are 
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' aerated during curing the shrink of the films is 
minimized . 

■"""^E^t. (i-. -a D i=, aiumina 
5 minted wiring board, etc.) may be cleaned 

^ZZ SI baling —nts (e.g.. methylene 
oTorZ. chloroform, GenesolV, trichloroethylene 
cniori ' _. u4«.«i -Fit-e sodium sulfite, 

ethanol, methanol, sodium bisulfite, sod 

etc.) employing normal cleaning 
xo potassium sulfite, etc.) P y addition> tne 

processes as Known in the ^ art I 
castrate may contain circuitry already aepw 
ir Te substrate may be utilized after the cleaning 
Process or may be surface treated to promote adhesion 
15 ZZZ the Lstrate and the metals and/or polymer 

diele0triC If ay us r e d, an adhesion promoter between the 
substrate and the dielectric layer may be <*»^£ 
a range of surface silylating agents containing 
20 reac^ve groups capable of reacting 

„ -PvamDles of surface silylating 
of the invention. Examples ot 

agents which can be emP ^ ^ 
vinvlmethyldimethoxysilane , vxnyxtrx 

viny J . ^ . 1ano vinvltriethoxysilane, 
vinylmethyldiethoxysilane, vmyi^r 

a+ h V ivinvlphenethylsilane, 

^ ^ o"*-hoxvmetnyi ViII Jr- L «' 
25 ^tL'ymethylvinylphenethylsilane, 

triethoxyvinylphenethylsil-n^. 

silylating agents are vmyi jr 

1in *»thvldiethoxysilane f 

-» a vinyl metny _ _ j 

diethoxymethylvinylphenethylsilane, ana 

a iB ethoxymethylvinylphenethylsilan e . The s£* c. 

silylating agent would be applied to the substrate « 
dipping, spin coating, or other technics from an 
35 alcohol-water solution. For example a 1 to 10 wt % 
solution of the silylating agent is dissolved in 85 
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98 wt.% of alcohol (e.g., methanol, ethanol, 
isopropanol, etc.) and 1 to 13 wt.% of water. The 
substrate is dipped in this solution for 15 seconds to 
5 minutes, air dried for 1 minute to 5 hours, and then 
5 soft baked for 1 minute to 5 hours at 60 to 100 *C 
either in a convection oven, vacuum oven or hot plate. 

The cleaned and/or surface treated substrate 
will be covered with a metal pattern before being 
covered with the dielectric layer of the invention. 

10 For example, a 500 to 1000 A layer of chromium, 8000 to 
20000 A layer of copper and a 500 to 1000 A layer of 
chromium may be sputtered onto the surface. Then, the 
metal layer is coated with a commercial photoresist and 
processed according to the recommended processing 

15 scheme utilizing a spin coat, soft bake, imaging, 
developing, and hard bake cycle. This exposes portions 
of the metal layer to be removed by etching to create 
the pattern. The metals are etched utilizing standard 
wet techniques, for example: The top chromium layer is 

20 etched with a 1 to 30 % hydrochloric acid solution 
activated with aluminum for 10 seconds to 5 minutes; 
the copper layer is etched with a sodium persulfate 
solution for 10 seconds to 10 minutes; the bottom 
chromium layer is etched with a 1 to 30 % hydrochloric 

25 acid solution activated with aluminum for 10 seconds to 
5 minutes; and finally the etched substrate is washed 
with deionized water for 10 to 60 seconds. Then the 
remaining photoresist is stripped from the metal 
pattern as per the processing technique recommended for 

30 the photoresist. Finally the cleaned substrate is 
dried prior to the next processing step. 

The dielectric layer . is coated onto the 
substrate and its metal pattern and processed as 
follows: The prepolymer (e.g., 10 to 80 wt. %) 

35 solution in an appr priate solvent (toluene, NMP, DMF, 
etc.) is spin coated onto the substrate at a speed of 
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500 to 2500 rpm for 30 to 90 seconds; the prepolymer 
coated substrate is soft baked at a temperature of 25 
to 60 *C for 15 minutes to 24 hours in a vacuum oven 
with or without a nitrogen bleed; the soft-baked 
5 coating is then imaged with a UV light source (220-320 
nm range) for 15 seconds to 30 minutes employing a mask 
of desired design for vias and the like; the photocured 
polymer is then developed with an appropriate solvent 
system (e.g., toluene, toluene/hexane, toluene/ ethanol , 
10 cyclohexane, etc.) at 25 to 35 'C with or without 
ultrasonics or via spraying for 15 to 120 seconds; the 
developed substrate can then be exposed to a stop or 
rinse bath or solvent spray based upon a solvent system 
miscible with the developing solvent but a poor solvent 
15 for the polymer system (for example hexane, pentane, 
ethanol, etc.) (optional step); the vias are then 
cleaned with a plasma or wet etch; and finally the 
dried substrate is hard baked in vacuum or under an 
inert atmosphere (nitrogen, argon, etc.) with a cure 
20 cycle including a ramp from 25' to 300 'C for 30 minutes 
to 2 hours, a hold at 300'C for 1 hour and then a cool 
down from 300* to 25"C with a 30 minute to 3 hour ramp. 

The process is repeated as required in order 
to form an electronic interconnect structure of desired 
25 electrical and dielectric levels. 

Example 1 

Synthesis of Styrene Terminated Para-Cresol 
Dicvclopentadiene fSTPCDP (70VBz/30Pr^ ) 

200.0 grams of the para-cresol 
30 dicyclopentadiene (PCDP) from Borden Chemical (Mn = 
520, Mw - 1100, dispersity of 2.12) was dissolved in 
700 mL of N-methylpyrrolidinone (NMP) in a 2000 mL 3- 
neck round bottom flask equipped with mechanical 
stirrer, addition funnel, condenser, thermometer, 
35 nitrogen purge and Therm-O-Watch. To this reaction 
mixture was added 123.06 g (0.806 moles) of 
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vinylbenzyl chloride (60/40 para/meta isomer ratio) and 
0.30 g f 2, 6-di-tert -butyl -p-cresol (BHT) . The 
reaction mixture was heated to 60 *C and 52.78 g (0.941 
moles) of potassium hydroxide in 125 mL of methanol was 
5 added dropwise over a 30 minute interval. The reaction 
was maintained at 60 *C for 16 hrs with stirring under 
a nitrogen purge. To this reaction mixture was added 
31.32 g (0.254 moles) of n-propylbromide and then 15.34 
g (0.273 moles) of potassium hydroxide in 80 mL of 

10 methanol over a 1 hr. interval. The reaction was 
maintained at 60 *C for 3.5 hours and then allowed to 
cool to room temperature. The reaction mixture was 
then transferred to a separatory funnel, and 2.0 Liters 
of toluene added and then washed thrice with 1.0 Liters 

15 of water, dried over magnesium sulfate, filtered and 
concentrated under vacuum, yielding a red resinous 
product; Mn = 630, Mw = 1200, dispersity of 1.9. 

Example 2 

Synthesis of Stvrene Terminated Para-cresol 

20 Dicyclopentadiene rSTPCDP f7OVBz/30Pr> ) 

500.0 grains of the para-cresol 
dicyclopentadiene (PCDP) from Borden Chemical (Mn = 
520, Mw = 1100, dispersity of 2.12) was dissolved in 
1750 mL of N-methylpyrrolidinone (NMP) in a 5000 mL 3- 

25 neck round bottom flask equipped with mechanical 
stirrer, addition funnel, condenser, thermometer, 
nitrogen purge and Therm-O-Watch . To this reaction 
mixture was added 307.65 g (2.016 moles) of 
vinylbenzylchloride (60/40 para/meta isomer ratio) and 

30 1.43 g of 2 , 6-di-tert-butyl-p-cresol (BHT). The 
reaction mixture was heated to 60 *C and 131.95 g (2.35 
moles) of potassium hydroxide in 312 mL of methanol was 
added dropwise over a 6.0 hrs. interval. The reaction 
was maintained at 60 *C for 16 hrs. with stirring under 

35 a nitrogen purge. To this reaction mixture was added 
78.30 g (0.637 mol s) of n-propylbromide, and then 
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added 38.35 g (0.630 moles) of potassium hydroxide in 
200 mL of methanol over a 20 minute interval. The 
reaction was maintained at 60 *C for 3.5 hours and then 
allowed to cool to room temperature. The reaction 
mixture was then transferred to a separatory funnel, 
and 2.0 Liters of toluene added and then washed with 
2.0 Liters of water, once with saturated sodium 
chloride solution, and finally washed with a saturated 
ammonium chloride solution, dried over magnesium 
sulfate, filtered and concentrated under vacuum, 
yielding a red resinous product; Mn = 500, Mw = 960, 
dispersity 1.9. 

Example 3 

Synthesis of Styrene Terminated Para-Cresol 
Dicyclopentadiene rsTPCDP f 70VBz/30Pr) ) 

324.0 grams (2.996 moles) of para-cresol was 
charged into a 1000 mL 3-neck round bottom flask 
equipped with mechanical stirrer, addition funnel, 
condenser, thermometer, Therm-0-Watch, and Nitrogen 
purge. The reaction flask is heated to 90* C under 
nitrogen with stirring. To the melted p-cresol is 
added 6.0 mL (0.041 moles) of boron trifluoride 
etherate. To this reaction mixture was added 262.0 g 
(1.982 moles) of dicyclopentadiene over a 2.2 hour 
interval, the reaction was maintained at 90 'C for 1 
hour with stirring; then the unreacted p-cresol was 
vacuum distilled from the reaction mixture. The para- 
cresol dicyclopentadiene (PCDP) resin was isolated by 
pouring into a stainless steel pan and allowing to cool 
to ambient temperature; Mn = 650, Mw = 1500, dispersity 
of 2.31. 

207.2 grams of the para-cresol 
dicyclopentadiene (PCDP) from above was dissolved in 
700 mL of N-methylpyrrolidinone (NMP) in a 2000 mL 3- 
neck round bottom flask equipped with mechanical 
stirrer, addition funnel, condenser, thermometer, 
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nitrogen purge and Therm-O-Watch . To this reaction 
mixture was added 127.5 g (0.835 moles) of 
vinylbenzylchloride (60/40 para/meta isomer ratio) and 
0.20 g of 2 , 6-di-tert-butyl-p-cresol (BHT) . The 
5 reaction mixture was heated to 60 *C and 54.68 g (0.975 
moles) of potassium hydroxide in 130 mL of methanol was 
added dropwise over a 2.0 hours interval. The reaction 
was maintained at 60 *C for 16 hrs with stirring under 
a nitrogen purge. To this reaction mixture was added 

10 32.45 g (0.263 moles) of n-propylbromide , and then 
added 15.89 g (0.283 moles) of potassium hydroxide in 
80 *L of methanol over an 1.33 hour interval. The 
reaction was maintained at 60* C for 8 hours and then 
allowed to cool to room temperature. The reaction 

15 mixture was then transferred to a separatory funnel, 
and 1 . 5 Liters of toluene added and then washed thrice 
with 2.0 Liters of water, dried over magnesium sulfate, 
filtered and concentrated under vacuum, yielding a red 
resinous product; Mn = 770, Mw = 1400, dispersity of 

20 1.82. 

Example 4 

« yrtneais of Styrene Terminated Para-Cresol 
Pirvclopentadiene fSTPCDP (70VBz/30Prn 

500.0 grams of para-cresol dicyclopentadiene 

25 (PCOr) fros, Borden Chemical (Mn = 520, Mw = 1100, 
dispersity of 2.12) and 420 mL of ortho-dichlorobenzene 
was charged into a 2000 mL 3 -neck round bottom flask 
equipped with mechanical stirrer, addition funnel, 
condenser, thermometer, Therm-O-Watch, and Nitrogen 

3 0 purge. The reaction mixture was heated to 60 'C under 
nitrogen with stirring; after complete dissolution of 
PCDP then 6.0 mL (0.041 moles) of boron trifluoride 
etherate was added. To this reaction mixture was added 
71.12 g (0.538 moles) of dicyclopentadiene over a 1.1 

35 hour int rval, the reaction was maintained at 60 *C with 
stirring during the addition; then the reaction was 
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h ated to 150* C for 4 hours. The ortho-dichlorobenzen 
and unreacted dicyclopentadiene was vacuum distilled 
from the reaction mixture. The para-cresol 

dicyclopentadiene (PCDP) resin was isolated by pouring 
5 into a stainless steel pan and allowing to cool to 
ambient temperature, yield 332.0 g; Mn = 800, Mw = 
2500, dispersity of 3.12. 

318.5 grams of the para-cresol 
dicyclopentadiene (PCDP) from above was dissolved in 
10 1100 mL of N-methylpyrrolidinone (NMP) in a 2000 mL 3- 
neck round bottom flask equipped with mechanical 
stirrer, addition funnel, condenser, thermometer, 
nitrogen purge and Therm-O-Watch. To this reaction 
mixture was added 195.0 g (1.278 moles) of 
15 vinylbenzylchloride (60/40 para/meta isomer ratio) and 
0.30 g of 2,6-di-tert-butyl-p-cresol (BHT) . The 
reaction mixture was heated to 60 'C and 84.05 g (1.498 
moles) of potassium hydroxide in 200 mL of methanol was 
added dropwise over a 3 hour interval. The reaction 
20 was maintained at 60 "C for 16 hrs with stirring under 
a nitrogen purge. To this reaction mixture was added 
49.88 g (0.406 moles) of n-propylbromide , and then 
24.43 g (0.435 moles) of potassium hydroxide in 125 mL 
of methanol added over a 2 hour interval. The reaction 
25 was maintained at 60 # C for 4 hours and then allowed to 
cool to room temperature. The reaction mixture was 
then transferred to a separatory funnel, and 1.5 Liters 
of toluene added and then washed once with 4 Liters of 
water and twice with saturated sodium chloride 
30 solution, dried over magnesium sulfate, filtered and 
concentrated under vacuum, yielding a red resinous 
product; Mn = 700, Mw = 1600, dispersity of 2.3. 
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Example 5 

Synthesis of Stvrene Terminated Para-Cresol 
Dicyclopentadiene fSTPCDP f70VBz/30Prn 

324.0 grains (2.996 moles) of para-cresol was 
5 charged into a 1000 mL 4-neck resin kettle equipped 
with mechanical stirrer, addition funnel, condenser, 
thermometer, Therm-O-Watch , and Nitrogen purge. The 
reaction flask is heated to 90 "C under nitrogen with 
stirring. To the melted p-cresol is added 6.0 mL 

10 (0.041 moles) of boron trifluoride etherate. To this 
reaction mixture was added 288.2 g (2.180 moles) of 
dicyclopentadiene over a 1.5 hour interval, the 
reaction was maintained at 90 *c for 1 hour with 
stirring; then the unreacted p-cresol was vacuum 

15 distilled from the reaction mixture. The para-cresol 
dicyclopentadiene (PCDP) resin was isolated by pouring 
into a stainless steel pan and allowing to cool to 
ambient temperature, yield 456.0 g; Mn = 720, Mw = 
1900, dispersity of 2.64. 

20 436.0 grams of the para-cresol 

dicyclopentadiene (PCDP) from above was dissolved in 
1200 mL of N-methylpyrrolidinone (NMP) in a 2000 mL 3- 
neck round bottom flask equipped with mechanical 
stirrer, addition funnel, condenser, thermometer, 

25 nitrogen purge and Therm-O-Watch . To this reaction 
mixture was added 269.0 g (1.763 moles) of 
vinylbenzylchloride (60/40 para/meta isomer ratio) and 
0.45 g of 2 , 6-di-tert-butyl-p-cresol (BHT) . The 
reaction mixture was heated to 60 'C and 106.0 g (1.890 

30 moles) of potassium hydroxide in 250 mL of methanol was 
added dropwise over a 2.5 hour interval. The reaction 
was maintained at 60 *C for 16 hrs with stirring under 
a nitrogen purge. To this reaction mixture was added 
102.0 g (0.829 moles) of n-propylbromide was added to 

35 the r action mixture and h ated with stirring under 
purg to 60'C. To this reaction mixture was then added 
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35.4 g (0.631 moles) of potassium hydroxide in 120 mL 
of methanol over a 1.5 hour interval. The reaction was 
maintained at 60 'C for 3 hours and then allowed to cool 
to room temperature. The reaction mixture was then 
transferred to a separatory funnel, and 4 Liters of 
toluene added and then washed four times with 2.0 
Liters of water and once with saturated sodium chloride 
solution, dried over sodium sulfate, filtered and 
concentrated under vacuum, yielding a red resinous 
product; Mn = 780, Mw = 1600, dispersity of 2.1. 

Example 6 

Synthesis of Styrene Terminated Para-Cresol 
Dicyclopentadiene fSTPCDP f 70VBz/30Pr> ) 

628.0 grams (5.807 moles) of para-cresol was 
charged into a 2000 mL 3 -neck round bottom flask 
eguipped with mechanical stirrer, addition funnel, 
condenser, thermometer, Therm-O-Watch, and Nitrogen 
purge. The reaction flask is heated to 90* C under 
nitrogen with stirring. To the melted p-cresol is 
added 12.0 mL (0.082 moles) of boron trifluoride 
etherats. To this reaction mixture was added 524.0 g 
(3.963 aoles) of dicyclopentadiene over a 3.0 hour 
interval, the reaction was maintained at 90*C for 1 
hour with stirring; then the unreacted p-cresol was 
vacuus <J;»tllled from the reaction mixture. The para- 
cresol dicyclopentadiene (PCDP) resin was isolated by 
pouring into a stainless steel pan and allowing to cool 
to aafci«nt temperature, yielding 612.2 g of resin; Mn 
= 990, Hv - 2900, dispersity of 2.93. 

591.2 grams of the para-cresol 
dicyclopentadiene (PCDP) from above was dissolved in 
2100 mL of N-methyl pyrrol idinone (NMP) in a 5000 mL 3- 
neck round bottom flask equipped with mechanical 
stirrer, addition funnel, condenser, thermometer, 
nitrogen purge and Therm-O-Watch . To this reaction 
mixture was added 364.6 g (2.389 mol s) of 
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vinylbenzylchloride (60/40 para/meta isomer ratio) and 



reaction mixture was heated to 60*C and 147.4 g (2.627 
moles) of potassium hydroxide in 325 mL of methanol was 
added dropwise over a 2 hour interval. The reaction 
was maintained at 60 *C for 6 hrs with stirring under a 
nitrogen purge. To this reaction mixture was added 
157.0 g (1.276 moles) of n-propy lbromide , and then 
71.82 g (1.280 moles) of potassium hydroxide in 165 mL 
of methanol was added over a 2 hour interval. The 
reaction was maintained at 60 *C for 4 hours and then 
allowed to cool to room temperature. The reaction 
mixture was then transferred to a separatory funnel, 
and 4 . 0 Liters of toluene added and then washed thrice 
with 2.0 Liters of water, dried over sodium sulfate, 
filtered and concentrated under vacuum, yielding a red 
resinous product; Mn « 740, Mw * 1500, dispersity of 



Synthesis of Stvrene Terminated, Para rCresol 
Dicyclopentadiene fSTPCDP (70VBz/30Prn 

500.0 grams of para-cresol dicyclopentadiene 
(PCDP) from Borden Chemical (Mn = 520, Mw = 1100, 
dispersity of 2.12) and 500 mL of ortho-dichlorobenzene 
was charged into a 2000 mL 3 -neck round bottom flask 
eguipped with mechanical stirrer, addition funnel, 
condenser, thermometer, Therm-O-Watch , and Nitrogen 
purge. The reaction mixture was heated to 60 "C under 
nitrogen with stirring; after complete dissolution of 
PCDP then 1.0 mL (6.83 x 10" 3 moles) of boron 
trifluoride. etherate was added. To this reaction 
mixture was added 71.12 g (0.538 moles) of 
dicyclopentadiene over a 45 minute interval, the 
reaction was maintained at 60 *C with stirring during 
the addition; then th reaction was heated to 150 'C for 
4 hours, and th n cooled to ambient temperature. The 



0.6 g of 2, 6-di-tert-butyl-p-cresol (BHT) . 



The 
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• v ^e was coagulated by addition to 
re :r°i fUtered, and then dried in a vacuum oven at 

- -0, - - 1*00, .Upersitv of 

2-14. para-cresol 
3 08.0 grams of tne ** 

5 * *- or >* fPCDP) from above was dissolved m 

dicyclopentadiene (PCDP) ir 3- 

„ __j Therm-O-Watcli. to tni& 

10 nitrogen purge «- ~ „ moles ) of 

Tlor^ ,60/ para/^a isomer ratio, an* 
vinylbenzylchlonde (bu/«u v 

0 20 g of 2,6-di-tert-butyl-p-cresol (BHT) . 

added dropwise over a 1.75 hour interval. The r 
^maintained at 60'C for 4.2 hrs with stxrrxng under 

To this reaction mixture was added 
nTTtJZr "^s, of n-propylbromide. and then 
20 3 5 ". 1 g ( -640 moles, of potassium hydroxide xn 125 
20 of methanol added over a 2.0 hour interva The 
action was maintained at ..-e for - hours £ ^ then 
allowed to cool to room temperature. The r 
^Zl was then transferred to a separator* funnel. 
23 I d 3 liters of toluene added and then »« 
witn 2 .0 Liters of water, dried over -^"V""^; 
Altered and concentrated under vacuum, yielding 332.0 
' of red resinous product; Mn = €70, Mw = 1300. 
dispersity of 1.9. 

Pvample 8 

30 "Trrt r"*" of T«,rmimtert ^ra-Cresol. 

500-0 grams of para-cresol dicyclopentadiene 

(PCDP) from Borden Chemical (Mn = 520, Hw = 1100. 
35 dispersity of 2.12, and 5 oo m, of ^-^^Z 

was charged into a 2000 mL 3-necK round bottom flas* 
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equipped with m chanical stirrer, addition funnel, 
condenser, thermometer, Therm-O-Watch , and Nitrogen 
purge. The reaction mixture was heated to 60 *C under 
nitrogen with stirring; after complete dissolution of 
PCDP then 1.0 mL (6.83 x 10" 3 moles) of boron 
trifluoride etherate was added. To this reaction 
mixture was added 59.26 g (0.448 moles) of 
dicyclopentadiene over a 2 hour interval, the reaction 
was maintained at 60 -c with stirring during the 
addition; then the reaction was heated to 150 'C for 4 
hours, and then cooled to ambient temperature. The 
reaction mixture was coagulated by addition to 
methanol, filtered, and then dried in a vacuum oven at 
80-C overnight; Mn = 630, Mw = 1400, dispersity of 
15 2.22. 

146.22 grams of the para-cresol 
dicyclopentadiene (PCDP) from above was dissolved in 
600 mL of N-methylpyrrolidinone (NMP) in a 2000 mL 3- 
neck round bottom flask equipped with mechanical 

20 stirrer, addition funnel, condenser, thermometer, 
nitrogen purge and Thenn-O-Watch . To this reaction 
mixture was added 64.76 g (0.424 moles) of 
vinylbenzylchloride (60/40 para/meta isomer ratio) and 
0.15 g of 2 , 6-di-tert-butyl-p-cresol (BHT) . The 

25 reaction mixture was heated to 60'C and 23.81 g (0.424 
moles) of potassium hydroxide in 60 mL of methanol was 
added dropwise over an 1.2 hour interval. The reaction 
was maintained at 60 'C for 4.0 hrs with stirring under 
a nitrogen purge. To this reaction mixture was added 

30 40.14 g (0.326 moles) of n-propylbromide , and then 
added 18.32 g (0.327 moles) of potassium hydroxide in 
40 mL of methanol added over an 1 hour interval. The 
reaction was maintained at 60 -C for 4 hours and then 
allowed to cool to room temperature. The reaction 

35 mixture was then transferred to a separatory funnel, 
and 1 Liter of toluene added and then washed thrice 
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with 1 Liter of water, dried over sodium sulfate, 
filtered and concentrated under vacuum, yielding a red 
resinous product; Mn = 710, Mw = 1400, dispersity of 
1.97. 

5 pyapiple 9 

Synthesis of Styrene-Terminated Tetraphenol Ethane 
f70% Vinvlbenzvl/30% Propyl WSTTPEf 70 VBz/30 Pr)) 

To a 250 mL round bottom, 3-neck flask 
equipped with a stirring shaft, an addition funnel and 
10 a condenser was added 25.0 g tetraphenol ethane (TPE) 
(Mn=274, Mw=711) (0.0354 mol) , 0.23 g BHT (0.00106 mol) 
and 120 mL N-methyl pyrollidinone (NMP) . Upon 
dissolution of the TPE, 26.48 g vinylbenzyl chloride 
(VBC) (0.174 mol) were added and the vessel flushed and 
15 placed under positive nitrogen pressure by means of a 
mineral oil bubbler. The solution was heated to 60 'C 
by means of a water bath and 11.34 g KOH (0.177 mol) 
dissolved in 25 mL of methanol were added dropwise over 
30 minutes. The mixture was kept at 60 *C for an 
20 additional 3.5 hours, 9.0 mL 1-bromopropane (0.099 mol) 
were then added. 4.86 g KOH (0.0758 mol) dissolved in 
11 mL methanol were then added dropwise over 30 minutes 
and the temperature maintained at 50 *c an additional 
1.5 hours. 

25 The mixture was cooled and slowly added to 

600 mL of methanol leaving a solid yellow mass. The 
methanol was decanted and the solids along with fresh 
methanol were placed in a blender to produce an oily 
solid which was collected on a Buchner funnel. This 

30 material was dissolved in dichloromethane and washed 
with 4 x 500 mL water. The organic phase was dried 
over sodium sulfate and filtered through Celite. 
Solvent was removed by rotary evaporation leaving an 
orange semi-solid, 49% yield. GPC examination of resin 

35 indicates Mn=1040, Mw=1290, dispersity 1.24. Infrared 
examination of resin indicates some residual OH (<5%), 



SUBSTITUTE SHEET 



WO 92/1 1580 



33 



PCT/US91/09392 



ion chromatography indicates: 17 ppm C1-, <1 ppm Br-, 
1 ppm S0 4 * 2 . 

Example 10 

Synthesis of Styrene Terminated Tetraphenol Ethane 
5 f!00% VinvlbenzvlHSTTPE flOO VBzn 

To a 2-L, 3 -neck round bottom flask equipped 
with a stirring shaft, an additional funnel and a 
condenser was added 200.0 g tetraphenol ethane (TPE) 
(Mn=274, MV=711) (0.284 mol) , 1.88 g BHT {0.00852 mol) 

10 and 950 mL N-methyl pyrollidinone (NMP) . Upon 
dissolution of the TPE 242.65 g vinylbenzyl chloride 
(VBC) (1.59 mol) were added and the vessel flushed and 
placed under positive nitrogen pressure by means of a 
mineral oil bubbler. The solution was heated to 60 °C 

15 by a water bath and 101.95 g KOH (1.59 mol) dissolved 
in 230 mL of methanol were added dropwise over 30 
minutes. The mixture was kept at 60 *C, for an 
additional 4.7 hours, 15.17 g VBC (0.0994 mol) were 
then added. 6.37 g KOH (0.0994 mol) dissolved in 15 mL 

20 methanol were then added dropwise. A final identical 
addition of VBC and KOH/methanol was made 1.7 hours 
later and the reaction maintained at 60 'C for 1 hour 
longer. 

The mixture was cooled and 1.2 L toluene were 
25 added. The mixture was washed with 1X3 L water and 2X3 
L 1M NaCl (aq) . The organic phase was dried over 
sodium sulfate, slurried with Celite and filtered. 
Solvent was removed by rotary evaporation up to 40* C at 
3 torr leaving a viscous brown resin, 95% yield. GPC 
30 analysis found Mn=778, Mw=1079, dispersity 1.39; 
Infrared analysis indicates no residual hydroxy 1 
(<0.5%); Ion Chromatography found: 45 ppm CI". 

Example 1J. 

A series of styrene terminated para-cresol 
35 dicyclopentadiene (STPCDP) of Examples 6, 7, 8, 4, and 
5 corresponding resp ctively to Samples 1, 2, 2, 4, and 
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5 „ere cured via the following cure ******* "* 
o-c, 16 hrs. at ico-c. 4 hrs. at uo-c. " £ 
MO-C. 2 hrs. at 200-C and then 1 hr at «5£ 
Lperties of the cured resins are given in the 
following table. 

Table A 
cTt>rnp Pro p^^ies 




Tg (*C) <a) 
Tsp CC) <W 
a sp (ppm/-C) <e> 
a 260 (PPm/*C) <d> 



t(e) 



tan *< f) 



€ l(9) 

tan *< h> 



2.73 2.86 2.78 
0.0009 0.0001 0.001 



2.72 2.70 
0.0004 0.003 



2.75 
0.004 



2.89 
0.004 



2.80 
0.005 



2.74 
0.002 



2.74 
0.002 



0.145 0.156 0.161 0.089 0.107 



% water 0 ' 5 
25 Absorption 



(., glass transition temperature by differentia! 

scanning calorimeter .„ a i„ s i s - 

(b) softening point by Thermo Mechanical Analysis 

30 minor thermal transition 

"c, coefficient of thermal expansion between 25 c and 

softening point . 
(d) coefficient of thermal expansion between 25 

260 " C . a. -l mhz and 0% Relative 

35 (e) dielectric constant at 1 MHz ana 

Humidity at 25*C ..,.+„ a «- 

W loss tangent at 1 MHz and 0% Relative Humxdxty at 

25*C 
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(g) dielectric constant at 1 MHz and 50% Relative 
Humidity at 25 *C 

(h) loss tangent at 1 MHz and 50% Relative Humidity at 
25'C 

5 (i) at 50% Relative Humidity, 25 'C for 168 hours 

Example 12 

A series of coating solutions were prepared 
and used to coat silicon surfaces. The solution 
concentration was 56 wt. % STPCDP from Example 6 in 

10 toluene. The solution was applied by spin coating at 
950 rpm for 60 seconds. The coated discs were soft 
baked at 25 "C for 18 hours under vacuum. Then, they 
were exposed for 3 minutes to UV irradiation with a 3 00 
watt mercury vapor lamp with a quartz/water filter. 

15 The irradiated coatings were then exposed to various 
solvents and the amount of cured resin dissolved was 
measured. The results are shown in the following 
tables. 

Table B 

20 % STPCDP <a> Removed 

Solvent (Toluene : Ethanol ) cb) 

Time ( sec) 







100:0 


80:20 


60:40 


40:60 


20:80 


0: 100 




0 


0 


0 


0 


0 


0 


0 


25 


30 


2.16 


2.69 


0.83 


0.56 


0.84 


0. 88 




60 


4.32 


2.69 


2.20 


0.83 


2.23 


0.88 




90 


3.51 


2.44 


2.20 


0.56 


2.23 


1.46 




120 


3.51 


3.18 


1.65 


1.67 


0.84 


1.75 




180 


3.24 


2.69 


0.00 


2.78 


0.84 


1.75 


30 


300 


5.68 


4.89 


1.38 


1.67 


0.00 


-0.29 



a) STPCDP coated on silicon wafer and soft baked 
at 25*C for 18 hrs., 3 minute cure 300 Watt 
Mercury Vapor Lamp with quartz/water filter. 
35 b) Weight % solutions. 
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30 
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Table C 
Sk STPCDP*"* Removed 
cnlvent (Tnluene ^-Hexane) — 



T-i-mefsec) 



0 

30 

60 

90 

120 

180 

300 



100: 0 
0 

2.16 
4.32 
3.51 
3.51 
3.24 
5.68 



80;20 
0 

-0.90 
0.00 
0.30 
0.60 
0.30 
1.80 



60:40 
0 

-1.50 
0.00 
0.00 
0.60 
1.20 

-0.30 



40! 60 
0 

-1.45 
-0.87 
-1.16 
0.29 
0.00 
-0.29 



20: 80 
0 

-1.63 
0.00 
0.00 
0.27 
0.82 
0.82 



0:100 
0 

-1.42 
-0.28 
-0.28 
-0.57 
0.00 
-0.28 



a) 



b) 



STPCDP coated on silicon water and soft baked at 
25-C for 18 hrs., 3 minute cure 300 Watt Mercury 
Vapor Lamp with quartz/water filter. 
Weight % solutions. 



Tables B and c May be compared with the results of 
Tables D and E below in which only the soft bake was 
carried out and no curing by OV radiation was done. 

Table D 
% STPCDP (a) Removed 
g^ vent (T "")iigne:Ethanon (b) 



25 TjTnefseO 



100:0 



0 

30 

60 

90 

120 

180 



80:20 
0 

97.69 



60:40 
0 

90.06 



0 

97.38 

101.46 100.58 100.00 
102.33 100.00 100.28 
102.04 100.00 99.72 
101.46 100.29 100.57 
100.00 100.29 100.57 



40:60 
0 

15.16 
41.11 
57.73 
63.56 
69.68 
74.34 



20:80 
0 

-4.02 
-0.93 
0.00 
1.55 
2.79 
0.93 



0:100 
0 

0.00 
0.00 
2.35 
1.76 
-0.29 
-0.59 
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b) Weight % solutions. 

Table E 
% STPCDP <a) Removed 
Solvent (Toluene: n-Hexanel (b) 

5 Time (sec) 



10 





100:0 


80:20 


60:40 


40:60 


20:80 


0: 100 


0 


0 


0 


0 


0 


0 


0 


30 


97.38 


101.71 


-2.82 


-2.82 


-3.42 


-0.58 


60 


101.46 


103.43 


12.43 


87.32 


9.97 


-1.17 


90 


102.33 


104.29 


65.54 


103.38 


60.40 


-0.58 


120 


102.04 


104.00 


92.66 


104.23 


74.36 


0.58 


180 


101.46 


104.00 


96.33 


102.82 


83.19 


-0.58 


300 


100.00 


104.29 


100.56 


102.82 


85.75 


-0.58 



15 a) STPCDP coated on silicon water and soft baked at 
2t*C for 18 hrs. 
b) Weight % solutions. 

Example 13 

A series of STPCDP solutions were prepared 

20 using various concentrations of STPCDP of Example 6 in 
toluene. These solutions were spin coated onto a 
silicon substrate (surface) utilizing spin coating 
rates froa 600 rpm to 2000 rpm for 60 seconds; soft 
baked fcr 24 hours at 25 *C under vacuum. The samples 

25 were tr.er. exposed for 3 minutes to UV irradiation with 
a 3 00 *att »ercury lamp employing an USAF Test Pattern 
and • quartz/ water filter. The photocured polymer was 
then developed with toluene for 1 minute at 25 *C. The 
air dried substrate was hard baked employing a cure 

30 cycle under vacuum of 25 'C to 220* C ramp in 1 hour, 
held at 220*C for 2.5 hours and then cooled to room 
temperature. 

The film thickness of the photocured polymer 
was analyzed employing a Taylor-Hobson Talysurf 10 

35 profilometer. The following table illustrates the film 
thickness s obtained. 
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Table F 



10 



STPCDP 
Solids 
Content 8 


viscosity 




Film Thickness (im) 




Spin Coatina Speed from) 


600 


700 800 1000 1500 2000 


36.7% 


5.0 




4.4 3.6 2.8 


50.0% 


15.0 


8.8 


8.6 7.9 7.2 6.1 5.8 


52.6% 


22.0 




11.3 9.8 8.0 


55 . 6% 


36.0 




17.6 13.0 9.8 



a) Dissolved solids content in Toluene 



Example 14 

A series of STPCDP solutions were prepared 
using various concentrations of STPCDP of Example 6 in 

15 toluene. These solutions were spin coated onto a 
silicon substrate (surface) utilizing spin coating 
rates from 600 rpm to 2000 rpm for 60 seconds; soft 
baked for 24 hours at 25 *C under vacuum. The samples 
were then exposed for 3 minutes to UV irradiation with 

20 a 300 watt mercury lamp employing an USAF Test Pattern 
and a quartz/water filter. The photocured polymer was 
then developed with toluene for 1 minute at 25 *C. The 
air dried substrate was hard baked employing a cure 
cycle under vacuum of 25 'C to 220 *C ramp in 1 hour, 

25 held at 220 "C for 2.5 hours and then cooled to room 
temperature . 

The film thickness and sidewall angle of 
the photocured polymer was analyzed utilizing a Sloan 
Technology Corporation Dektak 3030 prof ilometer. This 
30 data is summarized in the following table. 



oucwvin ,wn <wii«inAi i - 
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Spin Speed 
(rpm) 

600 
600 
600 
600 
700 
700 
700 
700 



39 

Table G 
Film thickn ss 



10.0 
10.0 
11.5 
12.0 
10.8 
8.5 
9.4 
11. 3 



Sidewall Angle 
(Mm) 

31 
22 
13 
28 
16 
9 
39 
39 



15 



20 



800 

800 

800 

800 

1000 

1000 

1000 

1000 



9.7 
7.0 
9.0 
10.0 
5.9 
9.4 
8.5 
8.3 



13 
5 
11 
10 
7 
12 
22 
17 



25 



30 



35 



1500 6.4 24 

1500 6.5 23 

1500 8.0 6 

1500 7.0 20 

2000 7.0 I 5 

2000 6.8 23 

2000 6.2 24 

Example 15 

A series of STPCDP solutions were prepared 
using various concentrations of STPCDP of Example 6 in 
toluene. These solutions were spin coated onto a 
silicon substrate (surface) utilizing spin coating 
rates from 600 rpm to 2000 rpm for 60 s conds; soft 
baked for 24 hours at 25 'C under vacuum. The samples 
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were then exposed for 3 minutes to UV irradiation with 
a 3 00 watt mercury lamp employing an USAF Test Pattern 
and a quartz/water filter. The photocured polymer was 
then developed with toluene for 1 minute at 25 *C. The 
5 air dried substrate was hard baked employing a cure 
cycle under vacuum of 25 *C to 220 "C ramp in 1 hour, 
held at 220 *C for 2.5 hours and then cooled to room 
temperature. The samples were then metallized via ion- 
beam sputtering to yield a metal film of thickness 5000 
10 to loooo A. 

The adhesion was evaluated via a calibrated 
"Scotch-Tape" adhesion test before and after thermal 
shock cycling. A thermal shock cycle encompasses the 
following thermal cycling of the sample: hold at -55 'C 
15 for 10 minutes, -55 *C to 125 "C over a rapid ramp, hold 
at 125*C for 10 minutes. In the following tables the 
ratio given means that of 25 squares of the metal, some 
to all of them were not removed by the tape. That is, 
25/2 b means that all the squares remained adhered to 
20 the dielectric polymer while 5/25 means that 20 squares 
of metal vere removed. 

Adhesion Measurement Results 
Metal msfore Thermal After 92 After 184 

Layer £hock Cycling Cycles Cycles 
25 ;.5 10.0 2.5 10.0 2.5 10.0 

lb. tw lb. lb. lb. lb. lb. 



Chroaiua t/25 8/8 8/8 8/8 7/8 6/7 

passed Passed Passed Passed Passed Passed 



30 



Chromium 0/25 

Passed 



Copper 0/25 
35 Passed 
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Copper 0/25 

Passed 

Aluminum 25/25 25/25 25/25 25/25 a a 

5 Passed Passed Passed Passed 

Aluminum 0/25 



10 Gold 



Gold 

15 

Nickel 
Nickel 

20 

a) Sample not: evaluated. 

b) Tape rating in lb. for 1/2 inch wide tape. 

Example 16 

STPCDP resin of Example 5 was dissolved in 
25 toluene to yield a solution of composition 47.2% STPCDP 
and 52.8% toluene. This solution was spin coated onto 
an alumina or silicon substrate (surface) utilizing 
spin coating rate of 1000 rpm for 60 seconds; soft 
baked for 1 hour at 60 *C under nitrogen. The polymer 
3 0 was hard baked employing a cure cycle under nitrogen of 
25'C to 220'C ramp in 3 hour, held at 220*C for 2.0 
hours and then ramped from 220 *C to 25 *C in 4 hours. 

The adhesion was evaluated via a calibrated 
" Scotch-Tape" adhesion test before and after thermal 
35 shock cycling. A thermal shock cycle ncompasses the 
following thermal cycling of the sample: hold at -55 *C 
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for 10 minutes, -55 *C to 12 5* C over a rapid ramp, hold 

at 125 "C for 10 minutes. 

Adhesion Measurements Results 

Substrate Before Thermal After 92 Cycles 

Shock Cycling 

2.5 10.0 2.5 10.0 

lb. lb. lb. lb. 



10 



Alumina 



25/25 
Passed 



25/25 25/25 25/25 
Passed Passed Passed 



Silicon 25/25 25/25 25/25 25/25 

Passed Passed Passed Passed 
Example 17 

15 STPCDP resin of Example 5 was dissolved in 

toluene to yield a solution of composition 47.2% STPCDP 
and 52.8% toluene. This solution was spin coated onto 
an alumina substrate (surface) onto which had been ion- 
sputtered with a metal film of thickness 5000 A, 
20 utilizing spin coating rate of 1000 rpm for 60 seconds; 
soft baked for 1 hour at 60* C under nitrogen. The 
polymer was hard baked employing a cure cycle under 
nitrogen of 25 *C to 220 *C ramp in 3 hours, held at 
220 *C for 2.0 hours and then ramped from 220* C to 25 *C 
25 in 4 hours. 

The adhesion was evaluated via a calibrated 
"Scotch-Tape" adhesion test before and after thermal 
shock cycling. A thermal shock cycle encompasses the 
following thermal cycling of the sample: hold at -55 'C 
30 for 10 minutes, -55 *C to 125 *C over a rapid ramp, hold 
at 125 *C for 10 minutes. 

Adhesion Measurements Results 
Metal Before Thermal After 92 cycles 

Layer Shock Cycling 

35 2.5 lb 10.0 lb 2.5 lb. 10.0 lb 

Chromium 25/25 25/25 25/25 25/25 

Passed Passed Passed Passed 
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Nickel 



Copper 



25/25 25/25 
Passed Passed 



25/25 25/25 
Passed Passed 
Aluminum 25/25 25/25 
Passed Passed 
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25/25 
Pass d 

25/25 
Passed 
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25/25 
Passed 

25/25 
Passed 



Gold 25/25 25/25 

10 Passed Passed 

a) Sample not evaluated. 



15 



20 



25 



30 



25/25 25/25 

Passed Passed 



It can be seen in the above Examples 13-15 that 
chromium adhered particularly well to the dielectric 
polymers and thus can serve as a suitable base for 
copper layers which provide conductive patterns in the 
multilevel structures. 

Fvample 18 

pyg paratinn nf ero s sl inked polymer r thermal curing . 

The styrene terminated para-cresol 
dicyclopentadiene (STPCDP) and styrene terminated 
tetraphenol ethane (STTPE) prepared as described in 
Examples 4 and 9, respectively, were thermally cured 
using the following cure cycle: 2 hours atSO'C, 100*c 
for 16 hours, 120 *C for 4 hours, 160' C for 16 hours, 
200-C for 2 hours, and 225'C for 1 hour. Some 
properties of the resulting cured mixed resins are 
summarized in the following table. 

Table A 

1 2 3 

(90/10) (75/25) 



SAMPLE NO. 
STPCDP/STTPE 



Tg CC) (8) 



35 Tsp (*C) 



<b) 



C£ sp (ppm/*C) 



(c) 



>300 



147±3 



75±3 



>300 



160±4 



70±9 



(50/50) 
>300 



161±2 



74±2 
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<*260 (PPn/'C) 



167+1 



110±14 



93±2 



10 



15 



20 



25 



30 



35 



tan 5 cf> 

e i co) 
tan 5 <h) 

% Water 
Absorption 05 

Modulus (GPa) {i> 

Tg('C) (k> 



2.75 
0.0003 

2.76 
0.002 



0.102 
9.1 

>200 



2.79 
0.0005 

2.85 
0.001 



0.110 

9.2 

>200 



2.77 
0.003 

2.77 
0.0008 



0.136 
8.9 

>200 



(a) glass transition temperature by differential 
scanning calorimeter 

(b) softening point by Thermo Mechanical Analysis - 
minor thermal transition 

(c) coefficient of thermal expansion between 25 *C and 
softening point 

(d) coefficient of thermal expansion between 25 *c and 
260*C 

(e) dielectric constant at 1 MHz and 0% Relative 
Humidity at 25'C 

(f) loss tangent at 1 MHz and 0% Relative Humidity at 
25'C 

(g) dielectric constant at 1 MHz and 50% Relative 
Humidity at 25'C 

(h) loss tangent at 1 MHz and 50% Relative Humidity at 
25*C 

(i) at 50% Relative Humidity, 25'C for 168 hours 
(j) modulus measured from -125 °C to 200 'C at 4 Hz 

(k) glass transition temperature by DMA at 4 Hz range 
scanned -125 *C to 200 8 C 

Example 19 

A series of coating solutions were prepared 
and used to coat silicon surfaces. The solution 
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concentrations were between 50.8 and 53.1 wt. % STPCDP 
(Example 5) and STTPE (in Example 9) in toluene. The 
solutions were applied by spin coating at 900-950 rpm 
for 60 seconds. The coated discs were soft baked at 
5 25 *C for 18 hours under vacuum. Then, they were 
exposed for 3 minutes to UV irradiation with a 300 watt 
mercury vapor lamp with a quartz/water filter. The 
irradiated coatings were then exposed to various 
solvents and the amount of cured resin dissolved was 
10 measured. The results are shown in the following 
tables. 

Table B 
% STPCDP/STTPE (a> Removed 
Solvent ^Tolu ene : Ethanol ) <b) 

15 Time f sec) 





100:0 


80:20 


60:40 


40:60 


20:80 


0:100 


0 


0 


0 


0 


0 


0 


0 


30 


3.59 


6.29 


11.30 


9.42 


26.98 


0.34 


60 


2.99 


7.86 


12.62 


11.69 


30. 16 


0.00 


90 


6.29 


10.38 


13.95 


14.94 


34.60 


2.03 


120 


6.59 


10.69 


15.28 


16.56 


35.24 


2.03 


180 


8.08 


11.32 


16.28 


16.56 


35.24 


1.69 


300 


5.39 


9.12 


15.61 


17.86 


34.92 


0.68 



25 a) 90 STPCDP/ 10 STTPE by weight coated on silicon 

wafer and soft baked at 25'C for 18 hrs., 3. minute 
cure 300 Watt Mercury Vapor Lamp with quartz/water 
filter, 
b) Weight % solutions. 

30 

Table C 
% STPCDP/STTPE <a> Removed 
Solvent (Toluene : n-Hexane) (fa) 

Time (sec) 

35 100:0 80:20 60;40 40:60 20:80 0: 100 

0 0 0 0 0 0 0 
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15 



25 



30 
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30 

60 

90 

120 

180 

300 



3.59 


-1.71 


-2.76 


ft 1C 

U> Jo 


O 54 


-0.66 


2.99 


-1.71 


5.17 


2.87 


-0.67 


-2.32 


6.29 


-2.05 


15.17 


8.24 


2.69 


-0.33 


6.59 


-1.71 


18.62 


15.41 


6.73 


-0.66 


8.08 


-2.05 


21.38 


23.66 


14.81 


0.00 


5.39 


-3.07 


24.83 


28.32 


25.25 


1.99 



a) 



b) 



90 STPCDP/10 STTPE by weight coated on silicon 
wafer and soft baked at 25-C for 18 hrs., 3 minute 
cure 300 Watt Mercury Vapor Lamp with quartz/water 
filter. 

Weight % solutions. 

Tables B and C may be compared with the results of 
Tables D and E below in which only the soft bake was 
carried out and no curing by UV radiation was done. 

Table D 
& STPCPP/ > STTPE C * ) "Removed 
c^lwnt fTo1 ngr>e:Ethanol) <b) 



20 T-jmefseci 



0 

30 

60 

90 

120 

180 

300 

a) 
b) 



100:0 
0 

99.08 
98.16 



80:20 60:40 

0 0 
99.32 100.00 
98.98 99.34 
100.61 100.68 101.97 
99.69 101.36 I'JO. 99 
100.92 100.68 100.00 
99.69 100.34 100.33 



40:60 
0 

41.55 
53.72 



20:80 
0 

96.92 
99.32 



71.28 100.34 
73.31 100.00 
77.70 100.68 
79.05 99.32 



0:100 
0 

1.72 
1.03 
1.37 
2.06 
2.41 
2.41 



90 STPCDP/10 STTPE by weight coated on silicon 
wafer and soft baked at 25* C for 18 hrs. 
Weight % solutions. 
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Table E 
% STPCDP/STTPE <B) Removed 
Solvent (Toluene: n-Hexane) 



Time (sec) 





100:0 


80:20 


60:40 


40:60 


20:80 


0:100 


0 


0 


0 


0 


0 


0 


0 


30 


99.08 


102.14 


13.57 


-3.03 


1.69 


-0.70 


60 


98.16 


101.42 


91.79 


30.64 


-1.36 


-1.75 


90 


100.61 


101.07 


98.57 


78.11 


8.81 


-1.05 


120 


99.69 


102.49 


98.57 


95.62 


29.83 


0.35 


180 


100.92 


101.42 


99.64 


97.31 


62.03 


0.70 


300 


99.69 


101.78 


100.00 


99.66 


76.95 


3.15 



a) 90 STPCDP/10 STTPE by weight coated on silicon 
15 wafer and soft baked at 25 *C for 18 hrs. 

b) Weight % solutions. 

Table F 
% STPCDP/STTPE (a) Removed 
Solvent (Toluene : Ethanol ) <b) 

20 Time (sec) 





100:0 


80:20 


60:40 


40:60 


20:80 


0:100 


0 


0 


0 


0 


0 


0 


0 


30 


53.97 


64.84 


64.38 


20.00 


-2.05 


0.00 


60 


69.21 


70.33 


70.21 


30.36 


-2.05 


-1.39 


90 


70.86 


73.63 


70.89 


37.50 


-0.68 


-1.39 


120 


71.85 


71.79 


71.58 


42.50 


-1.02 


0.69 


180 


71.85 


74.36 


72.95 


45.36 


-1.37 


0.35 


300 


74.83 


74.73 


73.29 


50.71 


0.34 


0.35 



30 a) 75 STPCDP/25 STTPE by weight coated on silicon 

wafer and soft baked at 25'C for 18 hrs., 3 minute 
cure 300 Watt Mercury Vapor Lamp with quartz/water 
filter, 
b) Weight % solutions. 

35 
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Table G 

cwpnt f T ~ 1 i^netn-Hflxane) (b) . 



Tinip( sec) 




Tables F ana « be compared with ^ * 

Tables H and I below in which only a soft baKe was 
Ia«ied out and no =urin 9 by UV radiation was done. 

Table H 
a. cTT>rnP/STT OT(a) removed 
^i,,^ fT Q iuenp-K1:tianol) (b) . 



T-jmp/sec) 



0 

30 

60 

90 

120 

180 

300 



100-0 80120 60_U0 401*0 20il0 OilfiO 

~T~ o o ooo 

96.10 98.98 89.66 28.09 0.68 2.42 

99.29 101.36 98.62 47.16 3.74 2.42 

99.65 99.66 99.66 57.53 5.78 1-04 

99.65 100.34 100.00 64.55 6.12 2.08 

99.29 99.32 99.31 69.90 9.18 2.08 

100.35 100.34 99.31 75.25 10.88 1.38 



35 
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a) 75 STPCDP/25 STTPE coated on silicon wafer 
and soft baked at 25 *C for 18 hrs. 

b) Weight % solutions. 

Table I 
* STPCDP/STTPE (a> Removed 
T Qo ]vent (Tolu ene ;n-Hexane) (b) 

Time (sec) 







;loo:0 


80:20 


60:40 


40:60 


20:80 


0:100 




0 


0 


0 


0 


0 


0 


0 


10 


30 


96.10 


59.52 


-2.00 


-5.35 


-0.33 


1.00 




60 


99.29 


98.96 


54.00 


10.37 


-3.92 


1.00 




90 


99.65 


99.65 


85. 00 


46.82 


3.92 


0.33 




120 


99.65 


100. 35 


95. 00 


74.25 


7.52 


0.33 




180 


99.29 


99.65 


98.67 


87.96 


16.99 


0.33 


15 


300 


100.35 


100.35 


99.00 


95.99 


35.62 


0.33 



a) 75 STPCDP/25 STTPE by weight coated on silicon 
wafer and soft baked at 25 *C for 18 hrs. 

b) Weight % solutions. 

20 Table .7 

% STPCDP/STTPE <a) Removed 
Solvent (Toluen e s Ethanol ) <b) 

Time (sec) 







100:0 


80:20 


60: 40 


40:60 


20:80 


0:100 


25 


0 


0 


0 


0 


0 


0 


0 




30 


2.56 


10.84 


3.73 


-2.69 


-2 . 60 


-1.86 




60 


3.66 


15.38 


10.45 


-0.38 


-1.49 


-1.12 




90 


7.69 


17.83 


14.18 


3.85 


-2.97 


0.00 




120 


12.09 


18.53 


18.66 


3.85 


-0.74 


-1. 12 


30 


180 


13.19. 


20.98 


18.66 


6.54 


-0.37 


1.86 




300 


14.65 


23.08 


27.99 


11.54 


10.04 


0.00 



a) 50 STPCDP/50 STTPE by weight coated on silicon 

wafer and soft baked at 25 *C for 18 hrs., 3 minute 
35 cure 300 Watt Mercury Vapor Lamp with quartz/water 

filter. 
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b) Weight % solutions. 

Table K 
% STPCDP/STTPE Ca) Removed 
S ol vent f Toluene : n-Hexane ) (b) 

5 Time ( sec) 



10 





100:0 


80:20 


60:40 


40:60 


20:80 


0:100 


0 


0 


0 


0 


0 


0 


0 


30 


2.56 


1.13 


0.00 


-0.39 


0.00 


-0.37 


60 


3.66 


2.26 


1.84 


2.33 


1.57 


0.00 


90 


7.69 


3.02 


1.84 


-0.39 


0.39 


0.00 


120 


12.09 


3.40 


2.94 


1.95 


1.18 


0.00 


180 


13.19 


7.55 


2.94 


1.95 


0.78 


0. 00 


300 


14.65 


10.94 


2.94 


3.11 


3.14 


0.00 



15 a) 50 STPCDP/50 STTPE by weight coated on silicon 

wafer and soft baked at 25 *C for 18 hrs., 3 minute 
cure 300 Watt Mercury Vapor Lamp with quartz/water 
filter, 
b) Weight % solutions. 

20 

Table J and K may be compared with the results of 
Tables L and M below in which only the soft bake was 
carried out and no curing by UV radiation was done. 

Table L 

25 % STPCDP/STTPE (a> Removed 

Solvent ( Toluene : ?"chanol ) (b) 



Time ( sec) 







100:0 


80:20 


60:40 


40:60 


20:80 


0:100 




0 


0 


0 


0 


0 


0 


0 


30 


30 


97.03 


102.24 


95.47 


37.36 


-1.57 


-2.14 




60 


100.74 


99.63 


98.87 


65.66 


3.54 


0.00 




90 


101.12 


99.63 


99.62 


73.58 


5.12 


-0.71 




120 


100.37 


99.25 


99.25 


80.75 


7.48 


-1.42 




180 


101.12 


98.88 


98.11 


83.40 


10.24 


-3.20 


35 


300 


101.12 


98.88 


101.13 


87.55 


15.75 


-0.71 
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a) 50 STPCDP/50 STTPE coated on silicon wafer and 
soft baked at 25 *C for 18 hrs. 

b) Weight % solutions. 

5 Table M 

% STPCDP/STTPE <I>) Removed 
Solvent (Toluene : n-Hexane) (b) 



Timef seel 





100:0 


80:20 


60:40 


40: 


60 


20:80 


0:100 


0 


0 


0 


0 




0 


0 


0 


30 


97.03 


99.25 


-3.18 


-3. 


04 


0.35 


-0.71 


60 


100.74 


103.02 


39.93 


-0. 


38 


0.70 


-1.79 


90 


101.12 


101.51 


91.87 


14. 


45 


5.61 


-0.71 


120 


100.37 


102.64 


98.94 


56. 


27 


12.98 


0.00 


180 


101.12 


104.15 


98.23 


80. 


23 


20.70 


0.00 


300 


101.12 


103.77 


99.29 


92. 


02 


35.09 


-0.36 



a) 50 STPCDP/50 STTPE by weight coated on silicon 
wafer and soft baked at 25 *C for 18 hrs. 
20 b) Weight % solutions. 

Example 20 

A series of 50% STPCDP (Example 6) and 50% 
STTPE (Example 9) solutions were prepared in toluene 
were prepared at different concentrations ranging from 

25 46.0 Wt. % solids to 58.4 Wt. % solids. These 
solutions were spin coated onto a silicon substrate 
(surface) utilizing spin coating rates from 700 rpm to 
1500 rpm for 60 seconds; soft baked for 24 hours at 
25 *C under vacuum. The samples were then exposed for 

3 0 3 minutes to UV irradiation with a 300 watt mercury 
lamp employing an USAF Test Pattern and a quartz/water 
filter. The photocured polymer was then developed with 
toluene for 1 minute at 25 *C. The air dried substrate 
was hard baked employing a cure cycle under vacuum of 

35 25*C to 220 # C ramp in 1 hour, held at 220' C for 2.5 
hours and then cooled to room temperature. 
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The film thickness of th photocured polymer 
was analyzed employing a Taylor-Hobson Talysurf 10 
profilometer. The following table illustrates the film 
thicknesses obtained. 
5 Table N 



Film Thickness (um) 



50 STPCDP/50 STTPE Viscosity 


Spin 


Coating Speed 


(rpm) 


Solids Content'*' fmPa s) 


700 


1000 


1500 


46.0 6.0 


5.3 


4.4 


4.2 


48.9 10.0 


7.5 


6.3 


4.7 


53.5 16.0 


10.5 


8.2 


6.8 


58.4 32.0 




12.9 


10.9 



15 a) Dissolved solids content in Toluene 

Example 21 

X 56 Wt. % solids solution of 50% STPCDP, 50% 
STTPE solution was prepared in toluene using of STPCDP 

20 of Ex**pl» 6 and STTPE of Example 9. This solution was 
spin coated onto a silicon substrate (surface) 
utilizing spin coating rates from 600 rpm to 2000 rpm 
for 60 seconds; soft baked for 24 hours at 25"C under 
vacuus. Tr.a samples were then exposed for 3 minutes to 

25 UV irradiation with a 300 watt mercury lamp employing 
an USAF Tsst Pattern and a quartz/water filter. The 
photocur»d polymer was then developed with toluene for 
1 minuta at 25 *C. The air dried substrate was hard 
baked aaploying a cure cycle under vacuum of 25 *C to 

30 219*C raep in 1 hour, held at 219*C for 2.5 hours and 
then cooled to room temperature. 
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The film thickness and sidewall angle of the 
photocured polym r was analyzed utilizing a Sloan 
Techn logy Corporation Dektak 3030 profilom ter. This 
data is summarized in the following table. 
5 Table G 

spin Speed Film thickness sidewall Angle 
frpyn) (lira) _ 





600 


13.5 


19 


10 


600 


13.5 


20 




700 


12.0 


35 




700 


12.0 


30 




800 


12.3 


33 




800 


11.2 


21 


15 


800 


11.3 


35 




800 


12.0 


18 




1000 


10.3 


24 




1000 


10.5 


28 




1000 


10.0 


33 


20 


1000 


11.2 


26 




1500 


8.5 


22 




1500 


8.8 


30 




1500 


9.2 


26 




1500 


12.4 


18 


25 


2000 


7.5 


25 




2000 


7.7 


9 




2000 


7.9 


37 




2000 


8.0 


20 



3 0 Example 22 

A series of 50% STPCDP (Example 6) and 50% 
STTPE (Example 9) solutions were prepared in toluene 
were prepared at different concentrations ranging from 
46.0 Wt. % solids to 58.4 Wt. % solids. These 

35 solutions were spin coated onto a silicon substrate 
(surface) utilizing spin coating rates from 700 rpm to 
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1500 rpm for 60 seconds; soft baked for 24 hours at 
25 *C under vacuum. The samples were then exposed for 
3 minutes to UV irradiation with a 300 watt mercury 
lamp employing an USAF Test Pattern and a quartz/water 
5 filter- The photocured polymer was then developed with 
toluene for 1 minute at 25 *C. The air dried substrate 
was hard baked employing a cure cycle under vacuum of 
25 *C to 220 *C ramp in 1 hour, held at 220 'C for 2.5 
hours and then cooled to room temperature. The samples 

10 were then metallized via ion-beam sputtering to yield 
a metal film of thickness 5000 to 10000 A. 

The adhesion was evaluated via a calibrated 
"Scotch-Tape" adhesion test before and after thermal 
shock cycling. A thermal shock cycle encompasses the 

15 following thermal cycling of the sample: hold at -55 *c 
for 10 minutes, -55 e c to 125 "C over a rapid ramp, hold 
at 125 *C for 10 minutes. In the following tables the 
ratio given means that of 25 squares of the metal, some 
to all of them were not removed by the tape. That is, 
20 5/25 means that 20 squares of metal were removed. 

Adhesion Measurements Results 
Metal Before Thermal After 92 Cycles After 184 cycles 
Layer Shock Cycling 



25 



2.5 10.0 2.5 10.0 2.5 10.0 

lb. {b) lb. lb. lb. lb. lb,. 



Chromium 0/25 
30 Passed 

Chromium 0/25 

Passed 

35 Copper 0/25 

Passed 
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Copper 0/25 

Passed 

Aluminum 1/25 0/1 

5 Passed Passed 

Aluminum 0/25 

Passed 

10 Gold 6/25 6/6 a a a a 

Passed Passed 

Gold 0/25 

Passed 

15 

Nickel 0/25 

Passed 

Nickel 0/25 

20 Passed 

a) Sample not evaluated. 

b) Tape rating in lb for 1/2 inch wide tape 

Example 23 

STPCDP resin of Example 5 and STTPE of 
25 Example 9 was dissolved in toluene to yield a solution 
of (50:50 STPCDP:STTPE) composition 28.0 Wt.% STPCDP, 
28.0 Wt.% STTPE and 44 Wt.% toluene. This solution was 
spin coated onto an alumina or silicon substrate 
(surface) utilizing spin coating rate of 1000 rpm for 
30 60 seconds; soft baked for 1 hour at 60 *C under 
nitrogen. The polymer was hard baked employing a cure 
cycle under nitrogen of 25 *C to 220 *C ramp in 3 hour, 
held at 220 'C for 2.0 hours and then ramped from 220 *C 
to 25 *C in 4 hours. 
35 The adhesion was evaluated via a calibrated 

••Scotch-Tape" adhesion test befor and after thermal 
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shock cycling. A thermal shock cycle encompasses th 
following thermal cycling of the sample: hold at -55 *C 
for 10 minutes, -55 *C to 125 *C over a rapid ramp, hold 
at 125 "C for 10 minutes. 

Adhesion Measurements Results 
Substrate Before Thermal After 92 Cycles 

Shock Cycling 

2.5 lb. 10.0 lb. 2.5 lb . 10.0 lb . 



10 



Alumina 
Silicon 



0/25 Passed 
0/25 Passed 



Example 24 

STPCDP resin of Example 5 and STTPE of 
15 Example 9 was dissolved in toluene to yield a solution 
of (50:50 STPCDP: STTPE) composition 28.0 Wt.% STPCDP, 
28 Wt.% STTPE and 44 Wt.% toluene. This solution was 
spin coated onto an alumina substrate (surface) onto 
which had been ion-sputtered with a metal film of 
20 thickness 5000A, utilizing spin coating rate of 1000 
rpm for 60 seconds; soft baked for 1 hour at 60 "C under 
nitrogen. The polymer was hard baked employing a cure 
cycle under nitrogen of 25 'C to 220 'C ramp in 3 hours, 
held at 220 *C for 2.0 hours and then ramped from 220 'C 
25 to 25 "C in 4 hours. 

The adhesion was evaluated via a calibrated 
"Scotch-Tape 1 ' adhesion test before and after thermal 
shock cycling. A thermal shock cycle encompasses the 
following thermal cycling of the sample: hold at -55 *C 
30 for 10 minutes, -55*C to 125'C over a rapid ramp, hold 
at 125 *C for 10 minutes. 
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Metal Layer 



5 

Chromium 
Nickel 

10 

Copper 
Aluminum 
15 Gold 

a) Sample not evaluated. 

b) Failed at polymer to metal interface. 

20 It can be seen in the above Examples 22-24 that 
chromium adhered particularly well to the dielectric 
polymers and thus can serve as a suitable base for 
copper layers which provide conductive patterns in the 
multilevel structures. 



Adhesion Measurements Results 

Before Thermal After 92 Cycles 

Shock Cycling 

2.5 lb 10.0 lb 2.5 lb. 3-0.0 lb 

25/25 25/25 a a 

Passed Passed 

0/25 Passed (b) 

0/25 Passed (b) 

0/25 Passed (b) 

0/25 Passed (b) 
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rTAIMS : 

1. A method of forming a polymer on a substrate in a 
predetermined pattern comprising: 
(a) coating a substrate with a prepolymer which 
is an ether of the reaction product of 
dicyclopentadiene with phenol having the 
formula 




15 



20 



where P = 




R, R 4 



25 




R, R 4 
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with R 1f R 2 - H or alkyl of 1-10 carbon atoms; 
r 3 = methyl; 
Jk = H; 

j B U ( _cH 2 TQS ' an alkyl noi et y containing 1 

to 10 carbon atoms ,* 5 a cycloalkyl moiety having 5 to 10 
carbon atoms, or benzyl, subject to the constraint that 
at least 50% of all A's are the vinyl benzyl moiety; 

L = Br or CI; 
10 a = 0, 1, or 2; 

b = 0 or 1; 

m, n, s, and t are 0 or an integer, and m+n+s+t=z 
is an integer from 1-10; and 

jlj c h, an alkyl moiety of 1-10 carbon atoms, a 
15 halogen or alkoxy moiety, or a monovalent aromatic 
radical . 

(b) irradiating the coated prepolymer of (a) 
through a masking pattern to selectively 
crosslink the portion of said coating being 

20 irradiated; 

(c) selectively dissolving the non- irradiated 
part of the prepolymer coating of (a) ; and 

(d) curing the crosslinked portion of the 
prepolymer coating by heating at a 

25 temperature in the range of 100«C to 300'C 

for a time sufficient to further crosslink 
said crosslinked coating and to transform the 
prepolymer to an infusible glassy solid. 
2. A method of forming a polymer on a substrate in a 
30 predetermined pattern comprising: 

(a) coating a substrate with a mixture of 
prepolymers which comprises 
(1) an ether of the reaction product of 
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dicyclopentadiene with ph nol having the 



formula 




W. Q r H 



10 



where P s 



15 




20 



Q = 



25 




30 



35 



with R„R 2 -Hor alkyl of 1-10 carbon atoms; 
r 3 = methyl; 
^ = H; 

A = H, -CH 2 -(OS ' 



» an alkyi moiety containing l 



-CH, 



«5 
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to 10 carbon atoms, a cycloalkyl moiety having 5 to 10 
carbon atoms, or benzyl; 

L « Br or CI; 

a = 0, 1, or 2; 
5 b = 0 or 1; 

m, n, s, and t are 0 or an integer, and m+n+s+t=z 
is an integer from 1-10; and 

R5 = H, an alkyl moiety of 1-10 carbon atoms, a 
halogen or alkoxy moiety, or a monovalent aromatic 
10 radical . 

(2) an ether of the oligomeric condensation 
product of 

a) molar proportion of a dialdehyde and 

b) from about 3 to about 4 molar 
15 proportions of a phenol; when the 

dialdehyde is selected from the group 
consisting of OHC(CH 2 ) r CHO, where r = 0 
or an integer from 1 to 6, 
cyclopentanedialdehyde , phthalaldehyde, 
20 isophthalaldehyde , terephthalaldehyde, 

hexahydrophthalaldehyde , cycl oheptanedi- 
aldehyde, hexahydroisophthalaldehyde, 
hexahydroterephthalaldehyde , and 
cycl ooctaned i al dehyde ; 
25 where the phenol has the structure R^C^H* and 

B$ is hydrogen or an alkyl group containing 
from 1 to about 10 carbon atoms; and where 
the phenol residue of said oligomeric 
condensation product is etherified with one 
30 or more substituents to afford ether moieties 

randomly selected from the group consisting 
of vinylbenzyl, alkyl moieties containing 
from 1 to 10 carbon atoms, cycloalkyl 
moieties from 5 to 10 carbon atoms, and 
35 b nzyl, with the ratio of vinylben2yl to 

other moieties being from 1:1 to about 6:1; 
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irradiating the coated prepolymer of (a) 
through a masking pattern to selectively 
crosslink the portion of said coating being 
irradiated ; 

selectively dissolving the non-irradiated 
part of the prepolymer coating of (a) ; and 
(d) curing the crosslinked portion of the 
prepolymer coating by heating at a 
temperature in the range of 100- to 300'C for 
a time sufficient to further crosslink said 
crosslinked coating and to transform the 
prepolymer to an infusible glassy solid. 
The method of Claims 1 or 2 wherein R, and R 2 are 
hydrogen. 

The method of Claims 1 or 2 wherein Z is 3 or 4. 
The method of Claims 1 or 2 wherein A is para 
vinyl benzyl. 

The method of Claims 1 or 2 wherein L is Br. 
The method of Claims 1 or 2 wherein 70% of A is 
vinyl benzyl and the remainder is propyl. 
The method of Claim 2 wherein the dialdehyde is 
0HC(CH 2 )rCH0 and r is 0 or an integer from 1 to 6. 
The method of Claim 2 wherein R* is hydrogen or 
methyl . 

The method of Claim 2 wherein the ether moieties 
of the condensation product (2) are about 70% 
vinyl benzyl and 30% propyl. 

The method of Claim 2 wherein the molecular weight 
of condensation product (2) is 400 to 6000. 
30 12. An electronic interconnect structure comprising 
the cured polymer prepared by the method of Claims 

13. L^lectronic interconnect structure of Claim 12 
wherein said cured polymer is adhered to a layer 
35 of chromium m tal. 
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